Vaccination is the most effective mean of preventing, controlling, and even eradicating infectious diseases. Poultry are vaccinated through various routes including eye/nose drops, drinking water, vent brush, or injections. The prolonged suppression effect of maternal antibodies on humoral immune response of newly hatched chicks to active immunization has been reported, while the effect of vaccination route on this suppression still unclear. Laying hens were immunized with dinitrophenyl-keyhole limpet hemocyanin (DNP-KLH). Purified maternal anti-DNP or non-specific IgY antibodies were transferred by yolk sac inoculation to newly hatched chicks (chicks of maternal and no-maternal antibodies), and they were immunized with DNP-KLH via intrabursal route at 0.1, 1 and 10 mg/kg body weight (BW) and with 1 mg/kg BW intraperitoneally at 1 and 4 weeks of age. Concentration of anti-DNP antibodies in serum samples of these chicks was measured by using Enzyme-linked immunosorbent assay (ELISA). The immune response to intrabursal immunization was higher in chicks of no-maternal antibodies than that of chicks of maternal antibodies at 5 weeks of age. Intrabursal immunization showed higher response than intraperitoneal one at the same dose. These results confirmed that the immune suppressive effect of maternal antibodies on the immune response of the newly hatched chicks was antigen specific and depends on the ratio of antigen/maternal antibody at the time of immunization. Furthermore, intrabursal vaccination showed promising results than intraperitoneal vaccination at the same dose.
Introduction
Maternal antibodies play an important role in protection of the newly hatched chicks against various pathogens before the adaptive immune system is fully developed. However, it has been reported that the presence of high level of maternal antibodies can interfere or decrease the ability of the newly hatched chick to respond to an early vaccination (Chu and Rizk 1975; Goddard et al. 1994; Kumar et al., 2000; Bertran et al., 2018) . Extended interference or immunosuppression of maternal antibodies on humoral immune response of the newly hatched chicks to active immunization has been studies (Elazab et al., 2008) . Previous studies reported that maternal IgG down-regulates neonatal Ig synthesis (Klobasa et al., 1981; Elazab et al., 2010) , possibly by elimination of environmental antigens in a similar way as intravenous immunoglobulin treatment or via a direct effect on B cells. Similar to chickens, in humans and mice, the effect of maternal antibodies on early life responses has been widely documented. Most studies indicate that the presence of maternal antibodies is responsible for weakness of infant primary antibody responses to both natural infections and vaccinations (Adkins et al., 2004) . The immune suppressive effect of maternal antibodies on the humoral immune response of the newly hatched chicks is antigen specific and depends mainly on the ratio of antigen/maternal antibody at the time of immunization (Elazab et al., 2010) . The suppression does not occur if the immunizing antigen is not closely related with the type of maternal antibody. Also, the suppression in humoral immune response is only observed when the chick received 8 mg of anti-DNP antibodies and immunized with 2 mg of DNP-KLH intraperitoneally (Elazab et al., 2010) . Chick immunized intraperitoneally with high dose of DNP-KLH could show normal immune response against DNP; even they previously received 8 mg of maternal anti-DNP antibodies (Elazab et al., 2010) . The avian immune system is responsible for the humoral immune response and it consists primarily of the thymus, bursa of Fabricius, spleen, mucosa-associated lymphoid tissues, bone marrow and blood (Olah and Vervelde, 2008) . The bursa of Fabricius is a hollow oval chestnut-like sac located dorsally to the cloaca, and it is unique for birds, and is considered as the site for B-cell lymphopoiesis, lymphocyte maturation, and differentiation and development of the humoral immune response. It has been reported that the bursa of Fabricius is an important link between the environmental antigens and the adaptive immune system to induce the formation of specific antibodies (Sorvari et al., 1975; Ekino et al., 1985; Taylor and McCorkle, 2009) . Cloacal drinking or sucking reflex (uptake of particles by contractions of the cloaca) can expose the immune cells in the bursa of Fabricius to various antigens leading to the production of an antibody response (Sorvari et al., 1975) . This is probably due to the very close physical relationship between the cloaca and the bursa and a reflex of the cloacal lips of chickens and turkeys that show a typical sucking response to touch or a drop of liquid (Schaffner et al., 1974 and 1976) . Furthermore, Fluorescein labeled polystyrene beads (van der Sluis et al., 2009; Berghof et al., 2013) were taken up rapidly by the cloaca and transferred efficiently to the bursa. From the previous studies, it is possible to introduce an antigen to the bursa and therefore the purpose of this study is to evaluate the intrabursal immunization and the effect of the ratio of the antigen and the maternal antibodies on the immune response of the newly hatched chick.
Materials and Methods

I. Antigen preparation:
A classical hapten-carrier antigen, Dinitrophenylated keyhole limpet hemocyanin (DNP-KLH) was used and prepared as previously described (Good et al., 1980; Furusawa et al., 1987; Elazab et al., 2010) . Briefly, 200 mg of K2CO3 was dissolved in 6 ml of distilled water (DW) in a clean, dry and dark container, and then 200 mg of KLH (Calbiochem Behring Co., Germany) was added slowly during stirring on a magnetic stirrer. At the same time, 200 mg of 2, 4dinitrobenzen sulfonic acid sodium salt (DNBS) (Eastman Kodak Co., San Diego, USA) was dissolved in 4 ml of DW. DNBS solution was added into KLH solution. Then, the mixture was stirred in dark place at room temperature for about 18 to 24 hours, and then dialyzed against phosphate buffered saline (PBP) at 4ºC several times until optical density (OD) of the dialyzed buffer become zero at 360 nm against PBS. Finally, the mixture was sterilized by using 0.45 µm filter. The protein concentration of this antigen was determined by OD value measured at 280 nm. Conjugation ratio of hapten with protein was determined as described previously (Good et al., 1980; Furusawa et al., 1987) . Final product was DNP32-KLH. Then, the antigen was kept in a refrigerator at 4ºC until use.
II. Animals:
Partially inbred chickens (H-B15 white leghorn; Bu-1a) were used in this study. These chickens were bred in our animal facilities and were provided with feed and chlorinated water ad libitum under the regulation of guideline for the animal experiment in Hiroshima University. Eggs derived from the chickens were incubated and hatched in our own facilities. Chicks derived from non-immunized hens were ascertained to be free from maternal anti-DNP antibodies (Elazab et al., 2010) .
III. Immunization of laying hens:
As previously prescribed by Akita and Nakai (1993) and Elazab et al. (2010) , briefly, ten laying hens (1-2 years old) were immunized with DNP-KLH (1 mg per each hen) emulsified in Freund's complete adjuvant (FCA) (Wako Pure Chemical Industries, Japan) into their peritoneal cavity. Second immunization was performed after 2 weeks, then they repeatedly immunized every 3 weeks using Freund's incomplete adjuvant (FIA) (Wako Pure Chemical Industries, Japan). Eggs derived from immunized laying hens were collected daily after one week of the second immunization and stored in the refrigerator at 4ºC until use for extraction of IgY.
IV. Purification of chicken IgY:
As previously described by Akita and Nakai (1993) and Elazab et al. (2010) , briefly, Chicken IgY was extracted from the egg yolk by the water dilution method. The egg yolk was separated from the white and diluted 1:10 in DW and its pH value was adjusted to 5.2. Then the solution was kept in a refrigerator at 4ºC for at least 6 hours. Then, mixed gently and centrifuged (centrifugation for 15 min. at 10,000 x g in a refrigerated centrifuge. The supernatant was decanted into a clean beaker, while stirring gently; ammonium sulfate (final percentage was 40%) was added gently and the mixing was continued for at least 30 minutes. The suspension was centrifuged for 15 min. at 10,000 x g in a refrigerated centrifuge. Supernatant was discarded. Equal volume of PBS to the original volume of the egg yolk was added to the pellet and mixed gently until IgY pellet was completely dissolved. Then, IgY solution was dialyzed for 4-5 times against PBS until ammonium sulfate would be completely removed. The volume of purified IgY solution was measured after filtration with 0.45 µm filter.
V. Inoculation of antibodies:
A total number of 64 newly hatched chicks derived from non-immunized hens were used. Purified maternal anti-DNP antibody or non-specific IgY (200 µl of 40 mg/ml in PBS) was injected into yolk sac of the newly hatched chicks divided in two groups (n= 32 in each group) (directly after hatching) as described previously by Elazab et al. (2010) .
The chicks were reared under ad libtium access to food and water. At 1 week of age the chicks in each group were subdivided into 4 subgroups according to antigen dose and route of immunization as follow: The immunization was performed at one week (first immunization) and four weeks (second immunization) of age for all groups.
VI. Collection of blood:
Blood samples were collected every week from each chick from the wing vein using 1 ml syringe with 27G needle and stored at 4ºC for 1 to 2 hours. Serum was separated from clotted blood by centrifugation at 10,000 x g for 5 minutes and stored at -80ºC until use.
VII. Enzyme-linked immunosorbent assay (ELISA):
Concentration of anti-DNP antibodies was measured by ELISA as previously described (Yasuda et al., 1995) .
VIII. Statistical analysis:
The mean of the concentration of anti-DNP antibodies in the chick's sera of maternal and no-maternal antibodies were compared using Tukey's test and Student's t-test. All values were expressed as mean ± standard deviation and were considered to be significant at p<0.005.
Results
1-Chicks immunized via intrabursal route with DNP-KLH 0.1 mg/kg BW:
In chicks of no-maternal antibodies, the concentration of anti-DNP antibodies in the serum did not show any significant difference after the first and second immunization. In chicks of maternal antibodies, the concentration of anti-DNP antibodies decreased significantly from 1 week to 6 weeks of age regardless of immunization and this decrease did not show significant differences between 4, 5 and 6 weeks of age (Fig. 1) . The concentration of anti-DNP antibodies in the serum of chicks of maternal antibodies was significantly higher at 1, 2, 3, 4 and 5 weeks of age than that of chicks on no-maternal antibodies (Fig. 1) .
Fig. 1. Anti-DNP antibodies concentration in the serum of chicks of maternal and nomaternal
antibodies immunized intrabursal with DNP-KLH 0.1 mg/kg BW. a,b,c,d Values are significantly different among the same treatment (P < 0.05, Tukey's test). * Values are significantly different among different treatments at the same age (P < 0.05, Student's t-test). # Times of 1 st and 2 nd immunizations at one-week-and fourweeks-old, respectively.
2-Chicks immunized via intrabursal route with DNP-KLH 1 mg/kg BW:
In chicks of no-maternal antibodies, the concentration of anti-DNP antibodies in the serum was significantly higher at 6 weeks of age than 2, 3 and 4 weeks of age. The concentration of anti-DNP antibodies did not show differences from 1 week to 4 weeks of age (Fig. 2) . The concentration of anti-DNP antibodies in the serum of chicks of maternal antibodies was significantly higher at 1 week than 2, 3, 4, 5 and 6 weeks of age. However, there were no significant differences between 2, 3, 4, 5 and 6 weeks of age (Fig. 2) . The concentration of anti-DNP antibodies in the serum of chicks of maternal antibodies was significantly higher at 1 and 3 weeks of age than that of chicks on no-maternal antibodies (Fig. 2) . In contrast, the concentration of anti-DNP antibodies in the serum of chicks of maternal antibodies was significantly lower than that of no-maternal antibodies at 5 weeks of age after the second immunization (Fig. 2) .
Fig. 2. Serum levels of anti-DNP antibodies in chicks of maternal and nomaternal
antibodies immunized intrabursal with DNP-KLH 1 mg/kg BW. a,b,c,d Values are significantly different among the same treatment (P < 0.05, Tukey's test). * Values are significantly different among different treatments at the same age (P < 0.05, Student's t-test). # Times of 1 st and 2 nd immunizations at one-week-and four-weeks-old, respectively.
3-Chicks immunized via intraperitoneal route with DNP-KLH 1 mg/kg BW:
In chicks of no-maternal antibodies, the concentration of anti-DNP antibodies in the serum was significantly higher at 5 weeks of age than 2, 3 and 4 weeks of age. The concentration of anti-DNP antibodies did not show differences from 1 week to 4 weeks of age (Fig. 3) . The concentration of anti-DNP antibodies in the serum of chicks of maternal antibodies was significantly higher at 1 week than 2, 3, 4, 5 and 6 weeks of age. However, there were no significant differences between 2, 3, 4, 5 and 6 weeks of age (Fig. 3) . The concentration of anti-DNP antibodies in the serum of chicks of maternal antibodies was significantly higher at 1, 2, 3 and 4 weeks of age than that of chicks of nomaternal antibodies (Fig. 3) . In addition, the concentration of anti-DNP antibodies in the serum of chicks of maternal antibodies did not show significant differences than that of no-maternal antibodies at 5 and 6 weeks of age after the second immunization (Fig. 3) . Fig. 3 . Concentration of anti-DNP antibodies in the serum of chicks of maternal and no-maternal antibodies immunized intraperitoneal with DNP-KLH 1 mg/kg BW. a,b,c,d,e Values are significantly different among the same treatment (P < 0.05, Tukey's test). * Values are significantly different among different treatments at the same age (P < 0.05, Student's t-test). # Times of 1 st and 2 nd immunizations at one-week-and fourweeks-old, respectively.
4-Chicks immunized via intrabursal route with DNP-KLH 10 mg/kg BW:
In chicks of no-maternal antibodies, the concentration of anti-DNP antibodies in the serum was significantly higher at 6 weeks of age than 1, 2, 3 and 4 weeks of age. The concentration of anti-DNP antibodies did not show differences from 1 week to 5 weeks of age (Fig. 4) . The concentration of anti-DNP antibodies in the serum of chicks of maternal antibodies was significantly higher at 1 week than 2, 3, 4 and 5 weeks of age. However, there were no significant differences between 2, 3, 4, 5 and 6 weeks of age (Fig. 4) . The concentration of anti-DNP antibodies in the serum of chicks of maternal antibodies was significantly higher at 1 weeks of age than that of chicks of no-maternal antibodies (Fig. 4) . In contrast, the concentration of anti-DNP antibodies in the serum of chicks of no-maternal antibodies was significantly higher than that of maternal antibodies at 5 and 6 weeks of age after the second immunization (Fig. 4) . Fig. 4 . Anti-DNP antibodies levels in the serum of chicks of maternal and nomaternal antibodies immunized intrabursal with DNP-KLH 10 mg/kg BW. a,b,c,d Values are significantly different among the same treatment (P < 0.05, Tukey's test). * Values are significantly different among different treatments at the same age (P < 0.05, Student's t-test). # Times of 1 st and 2 nd immunizations.
Discussion
This study reports the effects of intrabursal vaccination on the immune response in chicks with maternal and nomaternal antibodies. The major findings of this study are (1) the immune response of chicks vaccinated via intrabursal route was higher in chicks of no-maternal antibodies than that of chicks of maternal antibodies at 5 weeks; (2) in chicks vaccinated via intraperitoneal route, the response was not significant at 5 or 6 weeks of age between chicks of maternal and no-maternal antibodies; (3) these results confirmed that the immune suppressive effect of maternal antibodies on the immune response of the newly hatched chicks was antigen specific and depends on the ratio of antigen/maternal antibody at the time of immunization. Staszewski et al. (2007) reported that maternal antibodies play an important role in protection of the hatchling against various environmental pathogens during the first few weeks of life that is required for the maturation of the immune system. The maternal antibodies have the ability to block circulating antigens (natural or vaccine-derived), thereby preventing disease or blocking early interaction with immune cells resulting in failure of immunization. In agreement to the previous reports, this study showed the immunosuppressive effect of maternal antibodies on the induction of humoral immune response to a normal level in either intrabursal or intraperitoneal immunization.
In our current study, the immune response of chicks vaccinated via intrabursal route was not as higher as previous report by Sorvari et al. (1975) . This difference may be due to that they used six consecutives daily intrabursal administrations of specific antigen in order to induce the measured high response in their study.
Although the immune response to intrabursal vaccination was not high and could not overcome the immunosuppressive effect of maternal antibodies or showed later higher responses at 6 weeks of age, it may affect the future challenge by pathogens or vaccinations as previously reported by Hughes and Henderson (1977) . Hughes and Henderson (1977) reported that while using a certain dose of antigen for intrabursal immunization could not induce a measurable antibodies titer in the serum, it could generate an immunological memory for later antigenic challenge. 
